The article is devoted to the development and implementation of manufacturing 
Informational support of business processes for a forest enterprise
The manufacturing execution system (MES) "Plateau" for forest enterprises is dedicated for dispersed data processing for the purpose of forest enterprise operations management, i.e. automatic processing of such operations as:
• Accounting of incoming timber products from the declared cutting areas as a result of the logging team output and wood skidding.
• Accounting of the timber processing operations at the roundwood yard connected with transportation and crosscutting.
• Accounting of the timber shipment in terms of vendor contract and destination.
• Low landing stockpile analysis
• Generating of the shipping document.
• Generating reports on productivity of logging chews, handling chews and truckers.
RFYS
The aim of the system is the increasing of the confidence level and operational efficiency of the production process data. The automation objects for the developed system are workplaces of side rods, responsible for preparation of data about timber income, transport and shipping, and personnel who prepare cumulative information about enterprise activity. The flow chart of automation objects is given in Fig. 1 .
The typical processes at the roundwood yard are referred to shipment, discharge, measurement and production of the timber. The roundwood intake is implemented after logging operations, i.e. transportation of the timber assortments or logs from a logging block to the roundwood yard. Step-by-step data about roundwood yard acƟvity The application for round timber cubic capacity measurement "FoRest" is designed and suitable for calculating a volume and geometry of the logs stacked in a pile. The operation principle is based on the image processing algorithms. "FoRest" application allows operator to generate in automatic mode the information about the following operations accounted in the MES "Plateau":
• Assortments income 
}
The data exchange between "FoRest" software and the main system is realized through assigned in the system's settings catalogue titled "FoRest downloads" -that is network resource for downloading files from the software. This folder must include folder "processed" for storing files which are processed and taken into account by the system. 
Round timber automatic measurement

Automatic analysis
Automatic analysis and editing module is the main authority of the software. Automatic detection is performed independently; result of the operation is displayed to the user immediately after algorithm execution.
There are a few methods for the round timber volume measurement [1] [2] [3] [4] . The methods for the abuts detection described in these papers can be divided into two [1, 4] . In general, these methods are based on the Hough transform [6, 7] or its modifications and used to detect log abuts in the image in the form of circles or ellipses. The base method for the automatic abuts detection in the "FoRest" software is the fast radial symmetry transformation [8] . This method show high efficiency for the images with a priory known radii, low level of the form distortions and upon condition that the searching radii spread in a small range.
However, some modifications of this method are to be implemented in order to fulfill the requirements of the given task.
The algorithm splits the set of search radii into non-overlapping ranges to provide invariance to the image scale and target objects form distortions. Each range covers the specific scale interval and has its own size of the filter. The size of the filter is selected with considering the size of the target object and its permissible form distortions. It is evident that the greater radius of the object the more significant contribution into the local maximum of the orientation projection will be made by its boundary points.
On the other hand, intensity variation near the local maximum in the accumulator increases with greater radius of the target object or its form distortions ratio relatively to the circle. Thus the projection of the greater radius should be scanned with aperture of the larger size. Thereby it was decided to calculate the specific size of the scanned aperture as function of search radius according to the formula (1) where [] -integral part of a number, -area of the circle of radius .
The idea of the optimal threshold selection is that it can be evaluated from the result of the algorithm implementation to the image of the same size and brightness arrangement as the initial one but containing no radial symmetry objects. The random permutation of the rows and columns of the initial image was implemented, thereby RFYS the information about spatial location of the circular objects is hidden although intensity and direction of each pixel are stored.
The value of the optimal threshold depends on initial image entropy, thereat the threshold for the segmentation of the initial image orientation projection can be selected as following:
where max( ‹ ) -global maximum of the «noise» projection image scanning with the aperture can be interpreted as correction scale coefficient. The descriptor of the region of interest of specific radius with the scale invariance is calculated as following
where ( , ) -local maximum with coordinates (x,y) in the projection image of radius scanning with aperture , -optimal threshold for the radius .
Inasmuch as cross-correlation of the near-by search radii has negative impact on the result the filter function which considers the mutual overlapping of the circles according to their weights should be implemented. Also the log cuttings can have prominent medulla. In order to eliminate this effect another filtering function which analyzes coaxial circles (which assumed to be boundaries of log cutting and medulla) and gives priority to the one with greater radius is necessary. In the view of above the filtering algorithm is the following.
The meanshift clustering [9] is implemented to the output transform of the modified detection algorithm. The point is that for set of descriptors { } the density function is defined as
where ℎ -aperture, it is equal to the minimum radius of the abut , ( ) -kernel. In this case the Epanechnikov kernel [10] , which has the radial symmetry, is implemented.
The idea is to shift the points in the direction of the local density increasing. In order to estimate this shift the gradient ∇ ( ) is applied to the density function:
where
Vector ( ) is always directed toward the maximum increasing of the density.
Descriptors { } clustering procedure is the following: The average weighted radius is calculated for each cluster:
where n -cluster cardinality, -weight function:
where -radius, -number of radius of given length in the cluster.
Result of the automatic detection is shown in Fig. 3 . 
Conclusion
It is manufacturing execution system "Plateau" that stores the overall information on the manufacturing processes at the low landing, obtained from various sources including the mentioned software. It allows the key indicators of the forest enterprise performance to be analyzed for any period, planning the further management strategy.
MES system enables 24/7 access from anywhere through its implementation over the web. Self-service concept allows the management and the stuff to get all information required without any prior training and special skills.
The software "FoRest" operating principle involves the automatic detection of the logs' cross-cut ends of the image, calculating the diameters of each cut using calibration coefficients and, finally, cubic capacity of the measured pile based on the obtained data and prior information about the average length of the log pile. The result of the measurement is formed as a report and copied into the data store of the analysis system with following tags: type of operation, raw product (tree trunk/wood assortment), timber species, connected staff (crew, driver, tallyman). Approbation of the software was performed in the logging enterprise under the manufacturing conditions.
According to the testing results the average error for the log pile photogrammetry measurement is of 5.14% with maximum error of 9.2% in comparison with manual measurement. Industry standards establish the maximum volume measurement error for the round timber at the level of ±12%. Thus, a method of the log piles photogrammetry measurement using the developed algorithm can be successfully applied in the activity of forest enterprises. "FoRest" is successfully used at the forest enterprises of the Ural Federal District at the moment
